A theoretical analysis is presented of viscous incompressible laminar flow in a pipe which rotates around an axis held at small angle with respect to its symmetry-axis. Analogous to the results of Barua and Benton [1, 2], solutions in closed-form are given for circulatory flows in the crosssectional plane of the pipe due to Coriolis forces in combination with Hagen-Poiseuille flow through the pipe. The solutions are used to derive analytical expressions for trajectories of solid or liquid particles entrained in the gas and being subject to centrifugation and the said secondary flows. It is shown that despite centrifugatioia, particles can be locked into circulatory trajectories thus remaining suspended in the gas flowing through the pipe.
Introduction
Recently a method has been proposed for separating ultra-fine solid and liquid particulate material from gases using a rotational particle separator [1, 2] . Core of the apparatus is the separation element which consists of a multitude of radially and azimuthally spaced channels which are arranged along or nearly parallel to a common rotation axis: Fig. 1 . Particulate material entrained in the gas flowing through the channels is centrifugated radially towards the outer collecting wall of the channels where it can periodically be removed. Upstream and downstream of the rotating element, means (volute-type housings, impellers) are installed to guide the flow through the channels. An account on working principles, state of development and application areas of the rotational particle separator is given in [21.
A factor to be considered in the process of radial migration of particles are secondary flows of the gas in the cross-sectional plane of the channel. Such secondary flows are set up as a result of Coriolis forces acting on the gas when the gas flows in a direction which is not entirely parallel to the rotation axis, i.e. when the symmetry-axis of the channel makes an angle with respect to the rotation axis [3, 4] . In this paper expressions in closed-form are presented which describe secondary flows and particle trajectories in slightly tilted rotating pipes. It is shown J J Fig. 1 . Separation element of the rotational particle separator. that despite centrifugation, particles can be locked into circulatory trajectories thus remaining suspended in the gas flowing through the channel.
Formulation of the Flow Problem

